Eur J Oral Sci 1998: 106 ( suppll ): 350 356. © E ur J Oral Sci , 1998 While cementobla ts express a number of mineral-related proteins, including bone sia loprotein ( BSP), osteoponti n (OPN) and osteocalcin (OC) , these proteins do not appear to be ex pressed by cell s of the intermediate dental follicle/periodontal ligament (PDL). This informat ion was utilized in an experimenta l strategy to isolate presumptive cementoblasts from the root surface of d ay 24 murine mandibular first molars . Using microscopic dissection techniques, molars were carefu ll y ex tracted from their alveola r crypts and subjected to trypsin-collagenase digestion to remove ad herent cells. Primary cultures were established and assayed for expressio n of proteins known to be expressed by cementoblasts at this timepoint in 1•ivo (i.e. BSP, OPN , OC ) and a lso an odontoblast-pecific protein (i.e. DSP) to rule out contami natio n by pulpal cells. A subgroup of cells were found to express Type I collagen (89' !1,, of cell) , BSP (46%), OPN (23'Yc, ) and O C (30'X,); DSP was not detected within these cu ltu re . We propose th a t cells within this heterogeneous population, which ex pre s this profile of o ·teogenic proteins, represent cementoblasts. The availability of a cementoblast cell line will make pos ible rigorous and controlled in l'itro ana lysis of these cells and all ow for determination of the unique characteri ·tic of these cells not sha red with other cells, particularly osteoblas ts. Copl'l'i!i/11 Eur J Oral Sci 1998 Since the earliest descri ption of root cementum by the noted physiologist Jan Purkinje in 1835 (I), considerable interest and debate has urrounded this denta l ti ue. Cementum is unique in histologic tem1 yet it shares man y properties with other minerali zed ti sues, particularly bone (2, 3 ). There is a need to de termine the cell (s) and product responsible for formation of cementum and, subsequentl y, to e tabli h tho e propertie which define cementum and cementoblast a unique versus bone and osteobla t , respecti vely. between these subtype are due to difTerence in the cells synthesizing the e subtype matrice (e.g. different types/ phenotype of cementoblasts) or environmental influence in difTerent regions of the developing/ mature root surface (e.g. rate of cementum matrix synthesis/ mineralization; differences in mechanical loading between cementum subtypes; etc.). All cementum subtypes differ from bone in being avascular, non-innervated , and po _ Light and electron microsco pe criteria, based on the presence (cellular) or a bse nce (acellular) of cells and the ource of collagen fibers (extrinsic vs. intrinsic) , have been used to cia sify cementum into five recogni zed ubtypes (3, 4). It is currently unknown if the histologic differences observed essing low remodeling potential. However, examination of other characteristics and properties of cementum, e pecially the cellular cementum subtypes, indicates that thi s tissue i bone-li ke. The organic/ inorganic distribution of matr ix element in cementum (96% mineral ; 27(Yo organic; 12% water) clo ely mimic bone (27% minera l; 30% organic; 25% water) as does the overall distribution
Since the earliest descri ption of root cementum by the noted physiologist Jan Purkinje in 1835 (I), considerable interest and debate has urrounded this denta l ti ue. Cementum is unique in histologic tem1 yet it shares man y properties with other minerali zed ti sues, particularly bone (2, 3 ) . There is a need to de termine the cell (s) and product responsible for formation of cementum and, subsequentl y, to e tabli h tho e propertie which define cementum and cementoblast a unique versus bone and osteobla t , respecti vely. between these subtype are due to difTerence in the cells synthesizing the e subtype matrice (e.g. different types/ phenotype of cementoblasts) or environmental influence in difTerent regions of the developing/ mature root surface (e.g. rate of cementum matrix synthesis/ mineralization; differences in mechanical loading between cementum subtypes; etc.). All cementum subtypes differ from bone in being avascular, non-innervated , and po _ Light and electron microsco pe criteria, based on the presence (cellular) or a bse nce (acellular) of cells and the ource of collagen fibers (extrinsic vs. intrinsic) , have been used to cia sify cementum into five recogni zed ubtypes (3, 4) . It is currently unknown if the histologic differences observed essing low remodeling potential. However, examination of other characteristics and properties of cementum, e pecially the cellular cementum subtypes, indicates that thi s tissue i bone-li ke. The organic/ inorganic distribution of matr ix element in cementum (96% mineral ; 27(Yo organic; 12% water) clo ely mimic bone (27% minera l; 30% organic; 25% water) as does the overall distribution of amino acid and glyco aminoglycan con tituents (3, (5) (6) (7) (8) . The organic matrix of cementum, like bone, is mainly campo ed of Type 1 collagen, le er amounts of Type Ill collagen (2) and a myriad of non-collagenous protein including bone ialoprotein (BSP), osteopontin (OPN ), and o teocalcin (OC). And , importantly, di ease · yndromes which affect bone also markedly alter the cementum matrix; for example, hypercemento i accompanie Paget' disease, cementum fail to form in hypophosphatasia, decrea ed cementum formation occurs during hypopituitari m, and defective cementum i a dental characteri tic of cleidocranial dysplasia.
These ob er ations uggest that the matricc of cementum and bone are clo ely related and al o that cementoblasts (here al o termed root lining cells) and osteobla t are phenotypically imilar. Whether cementobla t are phenotypically unique or rather "osteoblast variants" i an important question that mu t be addre ed in order to undertand developmental mcchani m and to devi e therapeutic method (e.g. ub trate modification, use of matrix/growth factor , etc.) to enhance the formation and regeneration of cementum in postdisease situations. Thi paper de cribes the initial step in a strategy to i alate and culture (murine) root lining cells and to initiate contr lied experiments at the cell, protein and gene level to charac-
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terize the e cells and to compare their behavior to that of osteoblasts. (16, 17) 0 'spare (26) "Gia" proteins (27) oc (25. 26) Proteoglycans ( 7) Protein extracts ( 46) ALP (47) or 113, 28, 29) Protein extracts ( 14) Type I collagen ( 24, 45) Abbreviarions: BSP bone sialoprotein. . P cemen tum adhe ion protein. cementum, including osteocalcin (OC) (25, 26) , ycarboxyglutamic acid (27) , osteonectin (26) , proteoglycans (7) and cementum-derived growth factor (CGF) (28, 29) . While CAP and CGF have been proposed to be specific for cementum , these proteins have yet to be fully characterized and appear to have some homology to known bone proteins (20, 28) . A report by TENORIO & CRUCHLEY (2) further supports an association between cementoblasts and osteoblasts; using immunohistochemistry in rat, an antibody (anti-Ell) thought specific to differentiated osteobla ts and newlyformed osteocyte was found localized to cementoblasts of cellular cementum.
Extracellular matrix factors associated with root lining cells
Epithelial proteins, including laminin (30, 31) and ameloblastin (32, 33) , are also expressed by cells in the vicinity of the cementum surface of the forming root. It is uspected that these proteins are synthesized by the adjacent epithelial root sheath but the role of these proteins in cementoblast differentiation remains largely unknown and subject to considerable debate ( 34) .
Experimental strategy
Our current knowledge of osteoblast function has been largely derived from studies using primary osteoblast cu ltures and immortalized or transformed cell lines (50) (51) (52) (53) . It is evident that a similar strategy must be followed to characterize cementoblasts if we are to advance our understanding of this cell population beyond the indirect evidence currently available. Employing what are now considered cia sica] techniques for osteoblast isolation (54) , we describe here an experimental protocol to isolate and initially characterize murine cementoblasts (45) .
Material and methods
Timed pregnant CD-I mice were obtained from Charles River Labs, Cambridge, MA, USA. Mice at day 41 of development (i.e. 24 d post-natal) were acrificed by decapitation. Day 41 animals were selected based on results from our previous studies demonstrating high levels of expre sion for BSP, OC and OPN mRNA by cell s along the root surface of molars at this time point (22) (23) (24) , suggesting that these cell s are actively involved in formation of cementum.
A schematic description of the experim ental approach used to isolate cementoblasts is provided in Fig. 1 . First, mandibles were dissected from surrounding tissues, wa hed in Hank's balanced salt solution (H BSS ) and th en hemisected into halves by incision through the midline symphysis. Usi ng a dis ecting micro cope, first molars were carefully removed by bisecting the periodontal ligament and removing the molar devoid of surrounding bone or bone cells. The reliability of the dissection technique was confirmed by histological examination of random samples of a) intact, undi _ sected mandibles/ molars (for reference) , b) the a lveolar crypt following removal of the first molars and c) i olated molars. The standard technique' used for tissue processing and H&E staining have been previously described (22) (23) (24) .
Molars were rinsed with HBSS, pooled (11 = 150) in HBSS, and then placed in a 15 ml centrifuge tube containing Dulbecco's Modified Eagle medium (DMEM) with 2 mg/ ml collagenase and 0.25% trypsin for 2 h at 37 C (53). To confirm cell removal, a repre entative number of digested molars were examined histologically as described above. The cell suspension (approximately I 0 6 celt ) was removed and pelleted in a microcentrifuge at 2000 g for tO min at 4°C. The supernatant wa carefully aspirated and cells washed twice with DMEM containing 20% fetal calf serum (FCS) and l 00 units/ ml penicillin and I 00 pg/ ml streptomycin. Cells were resu pended in 2 ml of DMEM/20% FCS and transferred to tissue culture treated glass chamber slid es (Nunc, Naperville, IL, USA) and grown in a humidified atmosp here of 5% C0 2 at 37°C .
Once cultures reached 80cYo confluency (at approximately 27 d) , cells were fixed in 2% paraformaldehyde and processed for in situ hybridization as described in detail in a previous publication (24 ) . Probes used were: BSP: PM-BSP: mouse eDNA in PCR II vector co ntai ning a I Kb PCR product of mouse BSP inserted by TA Cloning (55) (a gift from Dr. M . Young, NIH/ NIDR). OPN: 2ar mouse: (JB6 epidermal cell library), pGEM3 plasmid containing a portion of the coding region of mouse OPN (56) (a gift from Dr. D . D enhardt Rutgers University). Osteocalci n: mouse OC eDNA clon ed into pSP65 cloning vector (57) . Type 1 coll agen: mouse o:2(1) procollagcn eDNA (58) . DSP: 230 bp fragment of mouse DSP eDNA cloned into pGEM7 (59) (a gift from Drs. H. Ritchie and W. T . Butler, University of Texas, Houston). H ybridization signal was visualized u ing dark and li ght field microscopy. Where appropria te, the number of cell s expressing specific markers was determined by computer image a nalysis u sing LPLab Spectrum software (Signal Analytics Vienna, VA, USA). Four fields were co unted fo; each probe a nd data expressed as percent of cell expressing the marker compared with total cells averaged for four fields. ' Ta ble 2 tooth removal , lining osleobla ls and orne periodontal ligament tissue could be clearly detected along the POL aspect of the alveolar bone crypt. To further confirm th at i olated molars did nol contain alveolar bone cell , in itu hybridization using the OC probe wa performed on I 0 extracted molar specimen . OC ex pre ion wa noted in odonloblasts and in cementobla t adherent to the root surface but wa nol een throughout the neighboring POL, ugge ting absence of alveolar bone o leoblasts . Following enzymatic dige tion , all adherent cells/ tissues seen pri r to digestion were ab ent from the root urface, uggesting succc sful POL/ cementobla t cell removal. Primary cultures displayed a heterogeneous cellular morphology including spindle-shaped and cuboidal cell types, suggesting the presence of both POL and cementoblast cell types . Table 3 summarizes in situ hybridization results for primary cell cultures. The percentages of cells within the total popu Ia tion, in vitro, expressing Type I collagen, BSP, OPN, OC and OSP were calculated by counting four fields for each of the five probes and averaging over total cell counted . Almost all cells, i.e. 89%, expressed Type I collagen . The number of cells ex pres ing BSP, OPN and OC was 46%, 30% and 23%, respectively.
Results
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Expression for all proteins, especially BSP, and OC. We propose that cells in vitro expressing BSP, OPN , and OC are derived from the root surface and are cementoblasts. To our knowledge, only one other study has focu ed on isolating and characterizing "cementoblast-like" cells, in vitro; in that study, ARZATE et a/. ( 60) , described cell isolated from a cementoma tumor that produced BSP and coll agen Type I and Y.
As pulpal tissue was not removed or isolated from molar roots prior to enzymatic dige tion, it was also important to rule out contamination with odontoblasts. Importantly, odontoblasts can express BSP, OPN and OCto varying levels during dentinogenesis; thus, the avai labi lity of a marker protein for odontoblasts become critical. OSP i a sialoprotein expressed pecifically by odontobla ts and pre-secretory ameloblast during rat and mouse dentinogenesis (59, 61 ) . As none of the cells isolated here expressed OSP, it is propo ed that odontoblasts have been uccessfully excluded by the technique employed.
As cells were derived from the total available root surface, it is unlikely that these cells are exclusively associated with one cementum subtype. At day 41 of murine root development, acellular cementum is the predominant form, although small amounts of cellular cementum can be detected in the most apical regions of the root. Hence, while the majority of cultured cell are likely related to acellular cementum, other origin cannot b ruled out.
Our short-and long-range goal are to immortalize these primary culture to c tabli h clonal cell populations. These cell population may provide an excellent model to tudy cementoblast at the molecular level in l'itro, including their re pon e to osteotropic factor and their expre ion of perhap specific extracellular matrix protein • tran ription factors, etc. Re ult from the e experiments may help clarify the relation hip between cement blast and other mineralizing cell type .
